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(54) Variable transmission bit rate discrimination method and apparatus 



(57) The invention provides a variable bit rate dis- 
crimination metliod and apparatus wherein a transmis- 
sion bit rate of data received by a mobile station in a 
mobile communication which employs a spectrum 
spreading method can be discriminated readily to real- 
ize reduction in time required for decoding processing 
and miniaturization in circuit scale. A variable bit rate 
including four different transmission bit rates is used as 
a transmission rate of a traffic channel from a base sta- 
tion to a mobile station, and transmission data are en- 
coded using convolutional encoder for error correction 



and transmitted. In the mobile station, received data are 
decoded for the four individual transmission bit rates us- 
ing Viterbi decoders (302, 305, 308, 3011), and the de- 
coded received data are compared with coded data se- 
quences generated from the convolution codes to obtain 
path metric values which are sum totals of errors of the 
received data. Then, one of the transmission bit rates 
which exhibits a lowest one of the path metric values is 
selected as a bit rate used for transmission of the trans- 
mission data. Consequently, after Viterbi decoding, no 
further encoding is required. 
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Description 

This invention relates to a metliod of and apparatus 
for discriminating a variable transmission bit rate in a 
mobile communication system, and more particularly to 
a transmission bit rate discrimination metliod and appa- 
ratus for a variable bit rate mobile communication sys- 
tem (TIA-IS-95) wherein spectrum spreading which was 
standardized in the North America in July, 1993 is em- 
ployed. 

Generally, in a mobile communication which em- 
ploys spectrum spreading, when a base station commu- 
nicates with a mobile station, it performs signal process- 
ing such as error correction and block interleaving (mul- 
tiplexing) of a signal such as speech or data to be trans- 
mitted and then performs modulation of the signal using 
PSK (Phase Shift Keying) or the like, whereafter it 
spreads the spectrum in a wide bandwidth using a code 
such as a PN (Pseudo Noise) spread code (pseudo- 
noise spread signal) and transmits the signal of the 
spread spectrum. 

The data transmitted in this manner are despread, 
in the mobile station, using a PN code sequence same 
as and synchronized with that used in the base station 
and is then demodulated to obtain a signal of a base 
band, and the base band signal is processed by signal 
processing such as error correction and deinterleaving 
to extract an original signal of speech, data or the like. 

In the TIA-IS-95, when a base station communi- 
cates with a mobile station, such signal processing as 
illustrated in FIG. 3 is performed in a traffic channel to 
transmit a signal. 

Referring to FIG. 3, a variable bit rate is realized 
using four different transmission bit rates of 9.6 Kbps, 
4.8 Kbps, 2.4 Kbps and 1 .2 Kbps for data to be trans- 
mitted in a traffic channel. Information bits (101) which 
are transmission data to be transmitted at any of the 
transmission bit rates is first processed by a calculation 
of CRC (Cyclic Redundancy Check) data for error de- 
tection and a process (1 02) of adding a result of the cal- 
culation to the information bits (only when the transmis- 
sion bit rate is 4.8 Kbps or 9.6 Kbps). Then, 8 bits are 
added as tail bits for convolutional encoding to the in- 
formation bits (103). 

The information bits at any of the transmission bit 
rates to which the CRC error detection data and the tail 
bits have been added are processed by convolutional 
encoding for error correction (104), and transmission 
symbols are transmitted repetitively in accordance with 
the transmission bit rate (105). 

In this instance, the rate of repetitions of transmis- 
sion symbols is zero at 9.6 Kbps, one at 4.8 Kbps, three 
at 2.4 Kbps and seven at 1 .2 Kbps. 

Thereafter, block interleaving processing (106) is 
performed, and using a long code generated by means 
of a 42-b PN code generator (1010), the transmission 
data are scrambled (107) by way of decimators (1011) 
and (1012). Further, information for power control is in- 
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serted into the transmission data (108) and the spec- 
trum of the transmission data are spreaded in a wide 
bandwidth, and the transmission data are modulated 
(1 09). Then the modulated transmission data are trans- 
5 mitted. 

In the mobile communication system which em- 
ploys such spectrum spreading as described above, the 
transmission bit rate is discriminated by various meth- 
ods in the mobile station. According to one method, the 

10 mobile station demodulates received data, despreads 
the demodulated data, descrambles the despread data, 
block interleaves the descrambled data to vary the order 
of the received data, performs Viterbi decoding corre- 
sponding to the four transmission bit rates, re-encodes 

15 results of the decoding using a convolutional encoder 
same as that of the base station, compares the re-en- 
coded data with the data before the Viterbi decoding to 
detect correlations between them, and discriminates 
one of the results of the decoding which exhibits a max- 

20 imum correlation as the data transmitted to the mobile 
station and discriminates the transmission bit rate from 
the discriminated transmission data. 

However, if it is tried to discriminate a transmission 
bit rate using the conventional method described above, 

25 after Viterbi decoding is performed for the four different 
transmission bit rates, the decoded data must be re-en- 
coded by convolutional encoders. Consequently the 
conventional method is disadvantageous in that much 
time is required for the processing of the received data. 

50 Further, since convolutional encoders are required in 
each base station, the conventional method is disadvan- 
tageous also in that the circuit scale is increased as 
much, which makes an obstacle to miniaturization of the 
apparatus. 

55 Various other techniques for coding/decoding trans- 
mission data are already known. One of known cod- 
ing/decoding techniques is disclosed, for example, in 
Japanese Patent Publication Application No. Heisei 
1 -44056 wherein a high frequency self running clock is 

40 built in a Viterbi decoder so that internal signal process- 
ing can be processed serially in a time division relation- 
ship at a high rate. Another coding/decoding technique 
is disclosed in Japanese Patent Laid-Open Application 
No. Heisei 4-314289 wherein a decoding signal in a high 

45 definition television receiver is passed on to a quantiza- 
tion decoder which operates in response to a vector 
code book and a quantizing vector signal transmitted 
thereto and an output signal of the quantization decoder 
is passed on to an inverse discrete cosine transform 

50 (DCT) circuit. A further coding/decoding technique is 
disclosed in Japanese Patent Laid-Open Application 
No. Heisei 4-331519 wherein a format is conformed to 
different rates of audio encoders/decoders so that data 
can be transmitted at a variable rate in a same frame. 

55 However, those techniques cannot successfully elimi- 
nate the disadvantages of the conventional method de- 
scribed above. 

It is an object of at least the preferred embodiments 
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of the present invention to provide a variable bit rate dis- 
crimination metliod and apparatus wherein a transmis- 
sion bit rate of received data in a mobile communication 
which employs a spectrum spreading method can be 
discriminated readily to realize reduction In processing 
time of the received data and miniaturization in circuit 
scale of a base station. 

According to an aspect of the present invention, 
there Is provided a method of discriminating a variable 
bit rate in a mobile communication system wherein a 
variable bit rate including four different transmission bit 
rates is used as a transmission rate of a traffic channel 
from a base station to a mobile station and transmission 
data are encoded using convolutlonal encoding for error 
correction and transmitted, comprising the steps of de- 
coding, In the mobile station, received data for the four 
individual transmission bit rates using Viterbi decoders, 
comparing the decoded received data with encoded 
data sequences generated from the convolutlonal en- 
coder to obtain path metric values which are sum totals 
of e rrors of the received data, comparing the path metric 
values for the four transmission bit rates In magnitude 
with each other, and selecting one of the transmission 
bit rates which exhibits a lowest path metric value as a 
bit rate at which the transmission data have been trans- 
mitted. 

According to another aspect of the present inven- 
tion, there is provided a variable bit rate discrimination 
apparatus for a mobile communication system wherein 
a variable bit rate including four different transmission 
bit rates is used as a transmission rate of a traffic chan- 
nel from a base station to a mobile station and transmis- 
sion data are encoded using convolutlonal encoder for 
error correction and transmitted, the variable bit rate dis- 
crimination apparatus being provided in the mobile sta- 
tion, the variable bit discrimination apparatus compris- 
ing means for demodulating received data from the base 
station and despreading a spectrum of the received da- 
ta, means for descrambling the received data based on 
information passed on thereto from the base station on 
a synchronization channel, means for block interleaving 
the desc rambled received data to restore an original or- 
der of the received data, received symbol adders for 
adding the block Interleaved received data of the Indi- 
vidual transmission bit rates by repetition symbol rates 
corresponding to the transmission bit rates, calculators 
for calculating branch metrics for use for Viterbi decod- 
ing based on the thus added received data, Viterbi de- 
coders for performing Viterbi decoding based on values 
of the thus calculated branch metrics and outputting re- 
sults of the decoding and path metric values for the In- 
dividual transmission bit rates, a comparator for com- 
paring the path metric values outputted from the Viterbi 
decoders with each other in magnitude and selecting 
and outputting a lowest one of the path metric values, 
and a switch for selecting, in response to an output of 
the comparator, one of output terminals of the Viterbi 
decoders from which the received data of the transmis- 



sion bit rate having the lowest path metric value are out- 
putted and connecting the selected output terminal to 
an information source decoder for information bits of the 
received data. 

5 In the variable bit rate discrimination method and 
apparatus, while the base station performs convolution 
coding processing for error correction of transmission 
data and transmits the transmission data at a variable 
bit rate using four different transmission bit rates, the 
10 mobile station performs Viterbi decoding, which Is one 
of maximum likelihood decoding methods for decoding 
convolutlonal encoded data, for each of the four different 
transmission bit rates. Upon such decoding, path met- 
rics which are sum totals of errors which are produced 
15 by comparison between the received data and encoded 
data which can be generated by convolutlonal encoder 
are compared with each other, and the decoded data 
which exhibits the lowest path metric is determined as 
a result of the maximum likelihood decoding. Then, the 
20 bit rate Is discriminated based on the result of the max- 
imum likelihood decoding. Consequently the necessity 
for re-encodIng, after Viterbi decoding, the decoded 
data using a convolutlonal encoder as in the conven- 
tional method Is eliminated. Accordingly the variable bit 
25 rate discrimination method and apparatus is advanta- 
geous in that the processing time required for decoding 
can be reduced and an increase in circuit scale can be 
prevented to achieve miniaturization of the apparatus. 
The above and other objects, features and advan- 
ce tages of the present invention will become apparent 
from the following description and the appended claims, 
taken In conjunction with the accompanying drawings. 

FIG. 1 is a flow diagram illustrating a procedure of 
55 decoding processing of data received in a traffic 
channel by a mobile station according tothe present 
invention; 

FIG . 2 is a block diagram showing a circuit construc- 
tion for Viterbi decoding and discrimination 
40 processing of a transmission bit rate according to 
the present Invention; and 
FIG. 3 is a flow diagram illustrating a procedure of 
data coding processing performed in a traffic chan- 
nel by a base station according to the TIA-IS-95. 

45 

Referring first to FIG. 1, there is Illustrated In flow 
chart a procedure of decoding processing of data re- 
ceived in a traffic channel by a mobile station in a mobile 
communication which employs the spectrum spreading 

50 communication method. Data received by the mobile 
station are first demodulated and then despreading 
processing of the spectrum is performed (201 ). Then, a 
long code Is generated based on information transmit- 
ted to the mobile station from the base station on a syn- 

55 chronlzatlon channel to descramble the demodulated 
despread data (202). Thereafter, block interleaving Is 
performed to restore the order of the received data 
(203), and then, Viterbi decoding Is performed parallelly 
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for the four different transmission bit rates (204). Then, 
the transmission bit rate is discriminated based on four 
path metric values obtained by the Viterbi decoding 
(205). 

FIG. 2showsthecircuitconstructionforthediscrim- s 
ination processing of the transmission bit rate and illus- 
trates details of the Viterbi decoding processing (204) 
and the transmission bit rate discrimination processing 
(205) illustrated in FIG. 1. 

Referring to FIG. 2., the circuit shown includes 
adders 303, 306 and 309 for received symbols, calcu- 
lators 301, 304, 307 and 3010 for calculating branch 
metrics, Viterbi decoders 302, 305, 308 and 3011 cor- 
responding to the individual transmission bit rates, a 
comparator 3012 for comparing the values of the path '5 
metrics with each other, and a switch 301 3 which switch- 
es in response to a result of the comparison by the com- 
parator 3012. 

Received data which have been processed by block 
interleaving (203) in FIG. 1 are added for individual sym- 20 
bole by repetition symbol rates by the adders 303, 306 
and 309 for received symbols. In particular, addition is 
performed by zero time at 9.6 Kbps; by one time at 4.8 
Kbps; by three times at 2.4 Kbps; and by seven times 
at 1.2 Kbps. 25 

The thus added individual received data are input- 
ted to the calculators 301 , 304, 307 and 3010, respec- 
tively, so that calculation of branch metrics for use for 
Viterbi decoding is performed by them, respectively. 

The values of the branch metrics calculated by the so 
calculators 301 , 304, 307 and 301 0 are inputted to the 
Viterbi decoders 302, 305, 308 and 3011 corresponding 
to the individual transmission bit rates so that Viterbi de- 
coding thereof is performed, respectively Consequent- 
ly results of the decoding and the values of the path 5S 
metrics are outputted from the Viterbi decoders 302, 
305, 308 and 3010. 

The values of the four path metrics are inputted to 
the comparator 3012, in which are be compared in mag- 
nitude with each other. The comparator 3012 discrimi- 40 
nates that one of the results of the decoding which ex- 
hibits a lowest path metric value as the transmission bit 
rate used to transmit the transmission data. The com- 
parator 3012 thus outputs a signal of the thus discrimi- 
nated transmission bit rate. 4S 

The switch 301 3 is switched, in response to the sig- 
nal from the comparator 3012, to one of four terminals 
302a, 305a, 308a and 3011a thereof for outputting re- 
sults of decoding by the Viterbi decoders from which the 
received data of the transmission bit rate having the low- 5" 
est path metric value are to be outputted. Consequently 
only the received data of the transmission bit rate are 
allowed to be transmitted to means for decoding an in- 
formation source at a next stage of processing. 

Having now fully described the invention, it will be £5 
apparent to one of ordinary skill in the art that many 
changes and modifications can be made thereto without 
departing from the spirit and scope of the invention as 
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set forth herein. 

Each feature disclosed in this specification (which 
term includes the claims) and/or shown in the drawings 
may be incorporated in the invention independently of 
other disclosed and/or illustrated features. 

The text of the abstract filed herewith is deemed to 
be here repeated in full as part of the specification. 



1. A method of discriminating a variable bit rate in a 
mobile communication system wherein a variable 
bit rate including four different transmission bit rates 
is used as a transmission rate of a traffic channel 
from a base station to a mobile station and trans- 
mission data are encoded using convolutional 
encoder for error correction and transmitted, char- 
acterized in that it comprises the steps of: 

decoding, in the mobile station, received data 
for the four individual transmission bit rates 
using Viterbi decoders; 

comparing the decoded received data with 
encoded data sequences generated from the 
convolutional encoder to obtain path metric val- 
ues which are sum totals of errors of the 
received data; 

comparing the path metric values for the four 
transmission bit rates in magnitude with each 
other; and 

selecting one of the transmission bit rates 
which exhibits a lowest path metric value as a 
bit rate at which the transmission data have 
been transmitted. 

2. A variable bit rate discrimination apparatus for a 
mobile communication system wherein a variable 
bit rate including four different transmission bit rates 
is used as a transmission rate of a traffic channel 
from a base station to a mobile station and trans- 
mission data are encoded using convolutional 
encoder for error correction and transmitted, said 
variable bit rate discrimination apparatus being pro- 
vided in the mobile station, characterized in that it 
comprises: 

means (201) for demodulating received data 
from the base station and despreading a spec- 
trum of the received data; 
means (202) for descrambling the received 
data based on information passed on thereto 
from the base station on a synchronization 
channel; 

means (203) for block interleaving the 
descrambled received data to restore an origi- 
nal order of the received data; 
received symbol adders (303, 306, 309) for 
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adding the block interleaved received data of 
the individual transmission bit rates by repeti- 
tion symbol rates corresponding to the trans- 
mission bit rates; 

calculators (301 , 304^ 307, 3010) for calculat- s 
ing branch metrics for use for Viterbi decoding 
based on the thus added received data; 
Viterbi decoders (302, 305, 508, 3011) for per- 
forming Viterbi decoding based on values of the 
thus calculated branch metrics and outputting io 
results of the decoding and path metric values 
for the individual transmission bit rates; 
a comparator (3012) for comparing the path 
metric values outputted from said Viterbi 
decoders with each other in magnitude and 15 
selecting and outputting a lowest one of the 
path metric values; and 
a switch (301 3) for selecting, in response to an 
output of said comparator, one of output termi- 
nals of said Viterbi decoders from which the 20 
received data of the transmission bit rate hav- 
ing the lowest path metric value are outputted 
and connecting the selected output terminal to 
an information source decoder for information 
bits of the received data. 25 
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FIG.3 
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